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由于扩展卡尔曼滤波方法是用直到 1k + 时刻的观测信息估计 1k + 时刻的增
广结构状态向量，因此扩展卡尔曼滤波方法要求观测作用在结构上的外激励，而
这在实际中往往是很难实现的。因此在基于经典的扩展卡尔曼滤波的基础上，利
用扩展卡尔曼预测估计算法，在得到了 1k + 时刻增广状态向量的估计值后，可以








本论文采用两步卡尔曼滤波方法，通过将结构状态 X 看作是关于结构参数θ 的




















































 Recent research for damage detection mainly focuses on beams and columns of 
structures under seismic excitation，wind load and long-term loads. While in practical 
applications, it has been shown that the occurrence of damage in the beam-column 
jointsis more frequent. For complex structures, a great deal of degrees of freedom 
should be taken into consideration when establishing a finite element model. Thus, a 
large amount of computing effort should be involved. This thesis summarizes the 
damage detection of beam-column joints research at home and abroad, at first the 
static condensation technique is brought in to reduce the order of finite element model, 
then the damage detection can be performed by applying the extended Kalman filter. 
The capability of the proposed method in detecting the damage of joint connections in 
structures will be further demonstrated by using a shake table experimental data of a 
six-story steel frame which is provided by professor Chin-Hsiung Loh, Taiwan 
University. The experimental results show that the proposed method is capable of 
identifying not only the damage locations but also the damage severities of joints 
under seismic excitation. 
The EKF approach require all the excitation inputs are measured, is not 
practical.In this paper, a method that under unknown input with limited output based 
on structural parameters detection is used,this method is based on extended Kalman 
estimator and he least square estimation to identify the unknown excitation 
inputs.This method has been widely applied and be applied indamage detection of 
frame structure considering beam-to-column joints damage in this paper. 
With only the measurements of acceleration responses, system identification and 
damage detection is possible based on the the static condensation technique in 
combination withextended Kalman filter approach. In the EKF approach, both the 
response state vector and the structural parameters are included in the extended state 
vector, and are estimated simultaneously. Hence, because of the nonlinear coupling of 
















easily become unstable and may not converge. Likewise, the dimension of the 
extended state vector is quite large, and hence the computational efforts are quite 
involved. In order to remove the drawbacks of the EKF approach, based on prior 
researches, a new approach, referred to as the static condensation 
techniquecombination with the Two-step Kalman filter approach is be used in this 
thesis. In this approach, the response state vector X  is considered as an implicit 
function of the unknown parametric vector θ . Then, through Tayler expansion, the 
responses observation function can be linearized, and the parametric vector θ  and 
the response state vector X  are estimated in two step by using the Kalman filter 
separately. The  proposed method in detecting the damage of joint connections in 
structures will be  demonstrated by Numerical examplesand by using a shake table 
experimental data of a six-story steel frame.A new approach, referred to as the 
Two-step Kalman estimator approach is be used in this thesis. In this approach, the 
response state vector X  is considered as an implicit function of the unknown 
parametric vector θ . Since the response state vector and the structural parameters are 
obtained, the least square estimation is applied to identify the unknown excitation 
inputs.This method isapplied indamage detection of frame structure considering 
beam-to-column joints damage in this paper.Numerical examples and a shake table 
experimental data of a six-story steel frame have been carried out to prove the 
accuracy and the effectiveness of the proposed approach. 
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对于建筑结构损伤识别方面的工作，大体上可分为三个阶段[3]：20 世纪 40 
年代到 50 年代为探索阶段，注重对建筑结构缺陷原因的分析和修补方法的研










































































1962 年 Zadeh 给出其定义为：识别是在输入和输出数据的基础上，从一组给定


















































 最小二乘估计法是德国数学家高斯（C.F.Gauss）在 1794 年为解决行星轨道
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